This study examined the relationship between climate and prevalence of malaria in Warri metropolis. To achieve this, the study generated data from archival material from the meteorological agency and hospitals. Climate data of temperature, rainfall and humidity were collected from the Nigeria Meteorological agency, Warri and malaria in-patient and out-patient records from the two (2) central hospitals and one (1) renowned hospital each from the three (3) local Government Areas for a period of twenty (20) years (1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009). The data were analyzed using the Multiple Regression. From the study, the rainfall and temperature in Warri metropolis has increased over the years ) by 122.82 mm and 1.3˚C. Thus, if this warming continues there will be a risk of between 1.4˚C and an urban warming of 4.18˚C, indicating climate change. There is a significant relationship between malaria and climate parameters (rainfall, temperature and humidity) which were evident at F value of 4.429 which is greater than the critical table value of 4.35, which implied that the model is significant and thus, malaria prevalence in Warri metropolis is significantly dependent on rainfall, relative humidity and temperature. It is anticipated that an increase in temperature and relative humidity resulted to a corresponding increase in the number of malaria cases, it is therefore recommended that any policy aimed at reducing the prevalence of malaria in Warri and environs must necessarily be imbued with programmes that have objectives of mosquitoes reduction through the improvement of our environment which includes the climate.
Introduction
Global climate change remains one of the biggest environmental threats in the new millennium and its impacts on human health remain an important focus. Climate variations are thought to have a direct impact on the epidemiology of many vector borne diseases [1] . Malaria is a major public health burden in the tropics, with the potential to significantly increase in response to climate change [2] . Over the past century the world has warmed by 0.6˚C, with a range of ecological consequences [3] .
According to the [4] , malaria kills over one million people each year, while 300 to 500 million people are suffering from chronic malaria around the world. This is one of the most common and serious diseases of our time. The death toll is predicted to double in the next 20 years if no new control measures are developed [5] . Adding to the scenario are the anthropogenic changes in our environment. Global change inflicted by man in ways of increased emissions of greenhouse gases or disrupted nutrient cycles has been known to cause great ecological responses [6] .
The worries have tremendously increased in recent years, partly because of extreme events resulting from climate variation [7] . Incidence of malaria varies with weather, which affects the ability of the main carrier of malaria parasites, anopheline mosquitoes, to survive or otherwise. Tropical areas including Nigeria have the best combination of adequate rainfall, temperature and humidity allowing for breeding and survival of anopheline mosquitoes. The burden of malaria varies across different regions of the world and even within a country [8] .
Succinctly, the problems of climatic variation which include flooding, storms, etc., have a marked effect on the prevalence of mosquitoes which cause malaria. The disease, malaria, is a major health problem in Nigeria, with stable transmission throughout the country. It accounts for about 50% of out-patient consultation, 15% of hospital admission, and also prime among the top three causes of death in the country National Malaria Control Plan of Action 1996 to 2001 [9] . The trend is rapidly increasing due to the current malaria resistance to first line antimalarial drugs [4] .
Indirectly, malaria impairs the ability of people to work hard by losing productive time during care-giving activities, while adults with malaria severely compromise household/family resources, as their capacity to work, earn income and save for their families is reduced. Added to this, the illness generates new financial demands to cover medical treatment and threatening food supply. Furthermore, it affects child's development and compromise future productive capacity due to absenteeism from school associated with malaria attack. Also, malaria is known to be a main cause of anaemia, epileptic convulsions, growth faltering, and neurological squeal [8] .
In Warri and environs, weather and climate tends to affect the spread of malaria. However, there are no demarcated seasons in Warri because rain tends to fall virtually throughout the year and it has given rise to annual increased precipitation and high temperature (see [10, 11] . This rate of increased precipitation stimulates breeding sites of mosquito which results to an increased mosquito bite. Due to urbanization process going on in Warri most of the natural drains has been closed and the constructed drains are blocked with litters of garbage, hence making areas like Okumagba Avenue, Airport road, Makiava areas etc. to experience flood; which in turn results to breeding grounds for mosquitoes. Thus, in the wet seasons, mosquito's larvae development is at maxima because of the increase in precipitation and poor environment management [12] .
In Warri, the people are vulnerable to mosquito bite resulting in malaria because most of the houses are within the fringes of water bodies, farm gardens and tall grasses as well as within flight distance from it respective breeding habitats. Mosquitoes also breed on the edges of ponds and streams, open septic tanks, open cesspools, in salt marshes, overflowing sewages, holes in stumps or trees, water barrels, clogged troughs, street catch basins, empty tin cans and jars. The people tends to suffer from the impact of mosquitoes as a result of its biting and pierce leading to swollen body parts when they are in their houses or comes out at night to receive cool air from their surroundings. It is on this basis that the following questions come to mind as: has there been climate change in Warri metropolis? Does climate influence the prevalence of Malaria? At what time/period of the year is the effect of weather on malaria disease at its peak? This study is therefore set to examine climate variation and malaria prevalence in the Warri metropolis, so as to provide necessary answers to the questions raised.
Study Area
Warri metropolis is located between latitude 5˚30'N and 5˚35'N and Longitude 5˚29'E and 5˚48'E. Warri Metropolis is made up of Warri South, Udu and Uvwie Local Government areas. The area is also characteristics by hydromorphic soils, which is a mixture of course alluvial and colluvial deposits. The rocks are of sedimentary rock type having silt, clay and sand to top layer (4 -6 m) and followed by coarse and pebbly (up to 17 m) thick layer. The terrain is flat having an elevation of 6.1 m above sea level [13] . The area is characterised by tropical equatorial climate with mean annual temperature of 27.44˚C and rainfall amount of 3302.52 mm. Rainfall period ranges from January-December, with the minimum value of 20.4 mm in January and over 499.1 mm in September. The temperature of 27.44˚C has enhanced the transmission of malaria which is caused plasmodium falciparum which requires a minimum temperature of 19˚C [14] . The predominant wind system in Warri metropolis is the tropical Maritime Air Mass (mT). This air mass is humid and moist, and brings rainfall into this environment. The influence of the Tropical Continent (cT) air mass is minimal; it brings in slight harmattan in the area between December and February [10] . The natural vegetation are of rainforest and riparian plant covers. These forests are rich in wood and non-wood resources. Unfortunately, much of the rain forests have been destroyed as a result of centuries of human activities and interference resulting to grass land. Thus mosquitoes tend to breed very well in such grassland and marshy areas.
Warri metropolis is one of the rapidly growing cities in Nigeria, with a population rising rapidly from 19,526 in 1933, 55,256 in 1963, 280,000 in 1980, 500,000 in 1991 to 536,023 in 2006 [15] . Thus, as population increases there is an increase in anthropogenic activities which in turn leads to global temperature rise and global warming, there by contributing to variation in rainfall and temperature patterns in Warri. There have been a growth of health centres in Warri and environs from fifty (50) private hospitals and one (1) general hospital in 1992 to one hundred and sixty three (163) private hospital and two (2) central Hospitals in 2007 [15] as shown in Figure 1 . The central hospitals act as collating centers of epidemiological records before sending it to the state ministry of health. Nevertheless, there is still an outrageous growth of the spread of disease.
Conceptual Issues and Methods of Data Collection
Vectorial response to climate is largely a matter of development and transmission with the exception of the biological explanations. There is also good epidemiological evidence of disease risk in humans linked to climate variability. Most of this evidence comes from studies of malaria. Epidemiology concept is concerned with the study of the occurrence, distribution, determinants of diseases and injuries in human populations. Thus, it concerns with the types and frequencies of illnesses, injuries, and other health-related conditions or problems in groups of people and with the factors that influence their distribution and to discover the factors essential for diseases to occur within groups. Furthermore, finding the best methods to reduce or prevent those factors and other conditions detrimental to the health of communities [4] . The utility of these frameworks is thus not necessarily in isolating the attributing burden of disease due to climate change, but rather in explicitly characterizing the cumulative or integrative impact of climate change within the context of changes in other disease determinants. Such frameworks are particularly useful for preliminary characterization and identification of key processes, interactions, scales, and feedbacks an exercise which can inform and guide integrative attribution modeling [16, 17] .
According to [18] the epidemiological approach to disease control, e.g. malaria control is based on the three main functions which epidemiologists perform, more or less successfully, namely, in order of increasing difficulty and uncertainty: 1) To describe and measure the distribution of disease, e.g. who gets malaria, how much of it, when and where?
2) To explain that distribution by its determinant factors: biological, environmental, social, behavioural and economic.
3) To predict the changes expected in that distribution from human interventions, in particular from control measures.
These three epidemiological functions should constitute important inputs into the planning of malaria control, with the aim of adopting the control strategy to the epidemiological situation. Within an epidemiology approach, the diverse set of factors associated with malaria is considered in the context of Epidemiology Triangle, linking the environment with disease transmission and health. The epidemiologic triangle consists of three components, with the Agent at the top point and the Host and the Environment at the other two points of the triangle (see Figure 2) . Changes in any component will alter the existing equilibrium to increase or decrease the frequency of a disease. In a steady state of the triangle, each leg of the component is affecting and being affected by the other components. Any influence among the triangle relationship will impact the epidemics of vector-borne infectious disease. For example, the increase density of vectors can enhance the opportunity of biting rate, leading to greater incidence of infection. Most importantly, almost all organisms, including vectors, pathogens and hosts survive and reproduce under a specific range of environmental conditions. These new cases of disease occurs either through onset of disease current members of the population or by immigration into the population of persons already ill.
The formula for detecting incidence rate is (see Formula (1)).
While the prevalence rate is the number of persons in a population who have a given disease at a given period of time; the formula for determining prevalence rate is (see Formula (2)). The study adopted the retrospective survey designs which involved the use of historical/archival data of climate parameters and medical case reports from Warri and environs. The data includes archival weather data on temperature and rainfall from the Nigeria Meteorological Agency for a period of one hundred and two (102) years and medical records of Malaria cases from the Central Hospitals and some renowned private hospitals in Warri and environs for a period of twenty (20) years. Data on malaria cases reported by place of diagnoses were obtained from the two (2) central hospitals (Central Hospital, Warri and central Hospital, Ekpan) and one (1) renowned hospital each from the three (3) local Government Areas; (Numa Clinic, Odion Rd.) Warri, (Twins Clinic, Udu Rd.) Udu and (NNPC Clinic, Ekpan) Uvwie respectively. The choice of these hospitals is based on the fact that data of epidemiological cases are forwarded from the smaller hospitals to the two central hospitals for onward transmission to the state ministry of health, and secondly most of the hospitals/clinics hardly keep records cases treated. As such there are dearth of data from such hospitals and clinics. The medical record contains the number of patients treated for malaria for the period of 1990-2009. The malaria data were extracted from medical records and contained the malaria in-patient and out-patient cases on yearly basis for 1990-2009 and the monthly record for year 2009.
Climate data within Warri and environs were characterized by historical records from ground recording synoptic weather station for a period of 1907-2009. The data were retrieved from climatic archival records and rainfall and temperatures values were extracted. The climate data contains the mean annual temperatures and annual rainfall amount. Multiple Regression analysis was used to ascertain the relative effect of rainfall and temperature, and humidity on the prevalence of malaria. Two years moving averages and linear trend analysis was used to perform the trend pattern for rainfall and temperature respectively.
Results and Discussion
Rainfall trend in Warri between 1907 and 2009 shows a fluctuating trend (see Figure 3 ). This trend pattern was performed using two years moving averages. [19] [20] [21] observed that the number of rain days dropped by 53% in the north-eastern Nigeria and 14% in the Niger-Delta Coastal areas. This is a pointer that Warri is going to be hardly hit by global warming in the nearest future while the declining and shifts in rainfall pattern are becoming a worrisome development.
Both temporal variations were observed in the air temperature distribution. The temporal air temperature trend has remained generally on the increase since 1907. [22, 23] . With an increase of 1.3˚C implies there have been climate change in Warri metropolis and should this trend continue unabated, Warri metropolis may experience between 1.4˚C to 2.58˚C risk temperature increase by 2015. Table 1 revealed that ambient temperature of 33.6˚C is the highest in Warri metropolis and observed in the high density areas (Jakpa road, Okumagba layout, Airport Road, Upper/Lower Erejuwa, Enerhen Udu Road) while in the fringe areas (Osubi, Ubeji, Aladja, Orhowhorun and Ugbomro) has a temperature of 31.3˚C. With this observation, it can be stated that Warri the core areas have higher temperatures more than the exterior areas because of it socio-economic activities. Table 2 shows the urban heat island characteristics in Warri and environs. The study revealed that the Urban heat island has an increasing trend over the years with an increase rate of population. The increase in urban heat Island result in an increase in urban warming alongside with the rate of greenhouse gases (GHG) emitted. From the UHI trend, there has been an increase of 1.05˚C between 1933 and 2006 and it was observed that Warri have a warm bias of 4.18˚C. Table 3 shows that the highest rainfall amount occurs in the May with a rainfall amount of 665.2 mm and a minimal amount of 30.8 m in January. There is an increase in amount of rainfall from April-June with the peak at May (see Figure 4) . The mean rainfall within this period was 330.25 mm and the total amount of rainfall was 3963 mm. The highest mean temperature amount occurs in March with a temperature amount of 35˚C and a minimal amount of 28.7˚C in August. There is an in- crease in amount of temperature from October to March with the peak at March. Table 3 shows that the highest mean temperature amount occurs in March with a temperature amount of 35˚C and a minimal amount of 28.7˚C in August. There is an increase in amount of temperature from October to March with the peak at March (see Figure 5) . The mean temperature within this period was 32.63˚C. Table 3 shows that the highest relative humidity amount occurs in August with an amount of 88.2% and a minimal amount of 81.1% in March. There was an increase in amount of relative humidity from April to August with the peak at August. The average relative humidity within this period was 83.9%.
From Table 4 and Figure 6 , there is a seasonal trend in the prevalence of malaria from January to December. Malaria tends to be at its peak in the month of June and lowest in the month of September (see Figure 6) . The seasonal pattern indicates the gradual rise in the prevalence rate from the month of April to June and declines rapidly to a rate as low as 0.97 from October to December. This variation of malaria prevalence rate is as result of changes in the climate pattern. This result corroborates with the works of [24, 25] .
From Table 5 , the prevalence rate show a rising, albeit fluctuating trend with reported cases remaining relatively high and varies throughout the year; with rainfall levels varying significantly with the incidence of malaria and the trend is seasonal. During the rainy seasons (MayOctober), malaria is at its peak in the month of June and minimal in September. It is worth noting that the mosquito breeds well in flooded environment. During the dry season (November-March), there is a high temperature in March and an increased prevalence of malaria in June. Moreso, the trend of malaria prevalence and temperature reveals it is seasonal. The prevalence of malaria tends to be on an increase during the wet season and this is evident in 64.4% of reported cases. However, this study is in line with study carried out in Kenya which opined that the rainy season presents favourable environmental conditions that enhance mosquito breeding and survival [26] . Thus, the result also confirms that malaria transmission in the Warri and environs is characterized by substantial inter-monthly variation. The prevalence of malaria tends to be on an increase as relative humidity increases. However, this study is in line with study carried out in SubSaharan Africa which opined that high relative humidity lengthens the life of the mosquito and helps the parasite to complete the necessary life cycle [27] . From Table 6 and Figure 7 the malaria cases vary throughout the years; with an increasing trend. There is a sharp rise in cases of malaria from year 2004 to the predicted year 2015 which to an increase in temperature. More so, there is little or no variation in the amount of rainfall from 2000 to 2008 (see Figure 7) . It is worth noting that malaria increase in year 1999 is solely associated to temperature (see Figure 7) .
From Table 7 , there is a strong correlation at R = 0.809 between malaria prevalence and climate parameters. However, the r 2 value is indicates 0.655 which implies that 66% of the occurrence of malaria is attributed to rainfall, humidity and temperature in Warri and environs. At 0.05 significance level, the calculated F value is 4.429 while the critical table value is 4.35. Thus, the prevalence of malaria in Warri is a significant dependent on climate parameters (rainfall, temperature and humidity).
Furthermore, from the coefficient Table 8 , the beta values value shows a positive for temperature and humidity, that is as temperature and humidity increases the prevalence of malaria increases as well. Besides climate contributed 66% to the prevalence of malaria Warri metropolis, Others factors of poor sanitary situation, inadequate drainage system, and planning problems amongst others accounted for 34% contribution to the prevalence of malaria. This corroborated the views of [8, 24] respectively. Thus there is the need for the improvement in the sanitation situation, construction of drains, and urban planning and renewal visa viz incorporating the climatic conditions into consideration in Warri metropolis.
Conclusion
This study has revealed a change in the climate of Warri metropolis. The increase in rainfall, temperature and humidity has a corresponding increase in the prevalence of malaria. This situation will be worsened if the increase of rainfall, temperature and humidity remain unabated. Thus, an increase in rainfall and temperature enhances mosquito development and improved breeding sites leading to prevalence of malaria disease in the present day, and in the near future. Although, the results of the study may appear to be too far in the future for immediate action but they are useful for consideration in the development of health policies for the next decades. It is recommended that policies aimed at reducing the prevalence of malaria in Warri metropolis must necessarily be imbued with programmes that have objectives of mosquitoes reduction through the improvement of our environment which includes the climate and improvement in the sanitation situation in Warri.
